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MEMORY DEVICE INCLUDING
ELECTRICAL CIRCUIT CONFIGURED TO
PROVIDE REVERSIBLE BIAS ACROSS THE
PMC MEMORY CELL TO PERFORM ERASEK
AND WRITE FUNCTIONS

BACKGROUND OF THE INVENTION

1. Field of the Invention

Embodiments of the present invention refer to a method
for operating a programmable metallization cell. Embodi-
ments of the present invention further relate to a memory
circuit comprising a programmable metallization cell.

2. Description of the Related Art

Memory cells comprising a solid electrolyte material are
well known as PMC (programmable metallization cell)
memory cells. Memory devices including such PMC
memory cells are known as conductive bridging random
access memory (CBRAM) devices. The storing of different
states 1n a PMC memory cell 1s based on the developing or
diminishing of a conductive path in the electrolyte matenal
between electrodes based on an applied electrical field.
Although the electrolyte material may typically have a high
resistance, the conductive path between electrodes may be
adjusted to have a low resistance. Thus, the PMC memory
cell may be set to different states depending on the resistance
of the PMC memory element. Typically, both states of the
PMC memory cell are sutliciently time-stable 1n such a way
that data may permanently be stored.

A PMC memory cell 1s typically operated by applying a
positive or a negative voltage to the solid electrolyte of the
PMC memory element. To store data into the PMC memory
cell, the PMC memory cell 1s brought to a programmed state
by applying a suitable programming voltage to the PMC
memory cell which results in the creation of the conductive
path 1n the electrolyte material and which may correspond to
the setting of a first state with low resistance. In order to
store a second state 1 the PMC memory cell with high
resistance, an erase voltage may be supplied 1n such a
manner that the resistance of the PMC memory cell changes
back to a high resistance which may correspond to a second
state with a high resistance (e.g., an erased state). To read out
a PMC memory cell, a read voltage may be applied which
may be lower than the programming voltage. With the read
voltage, a current through the resistance of the PMC
memory element may be detected and associated to the
respective low or high resistance state of the PMC memory
cell.

A programming circuit may be used to access the PMC
memory cell. The circuit may be configured to provide a
reversible bias across the microelectronic device to perform
erase and write functions. One configuration of the program-
ming circuit may include one or more inputs and a comple-
mentary metal-oxide semiconductor circuit coupled to the
programmable device. This design may allow for writing
and erasing of the programmable cell using a low and a high
voltage mput. To program a first state mnto the PMC cell, a
high voltage may be applied to the anode and a low voltage
may be applied to the cathode. To program a second state
into the PMC cell, a low voltage may be applied to the anode
and a high voltage may be applied to the cathode of the PMC
cell.

What 1s needed are improved methods and apparatuses for
programming a PMC memory cell.
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2
SUMMARY OF THE INVENTION

Embodiments of the present invention provide methods
and apparatuses for programming a programmable metalli-
zation cell (PMC) memory cell are provided. In one embodi-
ment, a memory device includes a programmable metalli-
zation memory cell, a plate line connected to a first node of
the memory cell, and a bitline connected to a second node
of the memory cell. The memory device also includes
circuitry configured to perform a write operation by apply-
ing a first voltage to the plate line and a second voltage to
the bitline, perform an erase operation by applying the
second voltage to the plate line and the first voltage to the
bitline, and apply a voltage midway between the first voltage
and the second voltage to the plate line when the write
operation and the erase operation are not being performed.

One embodiment provides a method for programming and
crasing a memory cell. The method 1ncludes programming
the memory cell and erasing the memory cell. Programming,
the memory cell includes applying a first voltage to a first
driver, wherein the first driver applies a first programming
voltage to a first node of the memory cell when the first
voltage 1s applied and applying a second voltage to a second
driver, wherein the second driver applies a second program-
ming voltage to a second node of the memory cell when the
second voltage 1s applied. Erasing the memory cell includes
applying the second voltage to the first driver, wherein the
first driver applies the second programming voltage to the
first node of the memory cell when the second voltage 1s
applied and applying the first voltage to the second dniver,
wherein the second driver applies the first programming
voltage to the second node of the memory cell when the first
voltage 1s applied.

One embodiment provides a memory device including a
memory cell, a first driver for applying a first erasing and a
first programming voltage to a first node of the memory cell,
a second driver for applying a second erasing and a second
programming voltage to a second node of the memory cell
and circuitry. The circuitry 1s configured to perform a
programming operation of the memory cell, wherein the
circuitry causes the first driver to apply the first program-
ming voltage and the second driver to apply the second
programming voltage. The circuitry 1s also configured to
perform an erasing operation of the memory cell, wherein
the circuitry causes the first driver to apply the first erasing
voltage and the second driver to apply the second erasing
voltage.

One embodiment provides a memory device including a
means for storing, a first means for driving configured to
apply a first erasing and a first programming voltage to a first
node of the means for storing, a second means for driving
configured to apply a second erasing and a second program-
ming voltage to a second node of the means for storing, and
means for controlling. The means for controlling 1s config-
ured to perform a programming operation of the means for
storing, wherein the means for controlling causes the first
means for driving to apply the first programming voltage
and the second driver to apply the second programming
voltage. The means for controlling 1s also configured to
perform an erasing operation of the means for storing,
wherein the means for controlling causes the first means for
driving to apply the first erasing voltage and the second
means for driving to apply the second erasing voltage.

One embodiment provides a memory device including a
memory cell, a bitline connected to a first node of the
memory cell, a plate line connected to a second node of the
memory cell, a first driver including a first programming
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input and a first erasing mput, and a second driver including
a second programming input and a second erasing input. The

first driver 1s configured to, in response to a first voltage
being applied to the first programming nput, apply a first
programming voltage to the bitline, and, in response to a
second voltage being applied to the first erasing input, apply
a first erasing voltage to the bitline. The second driver is
configured to, 1n response to the second voltage being
applied to the second programming input, apply a second
programming voltage to the plate line, and, 1n response to
the first voltage being applied to the to the second erasing
iput, apply a second erasing voltage to the plate line.

One embodiment provides a method for accessing two or
more memory cells. The method includes asserting a word-
line voltage during an access cycle, wherein asserting the
wordline voltage connects a first node of each of the two or
more memory cells to two or more respective bitlines,
applying a programming voltage for a first portion of the
access cycle and applying an erasing voltage for a second
portion of the access cycle. The method further includes
applying one of the programming voltage and the erasing
voltage to each of the two or more respective bitlines,
wherein applying the programming voltage to a bitline
programs a respective memory cell connected to the bitline
and wherein applying the erasing voltage to the bitline
erases the respective memory cell connected to the bitline.

One embodiment of the invention provides a memory
device including a memory array, a first driver, and a second
driver. The memory array includes a first, second, and third
memory cell, wherein each memory cell 1s a programmable
metallization memory cell. The memory array also includes
a first bitline and a second bitline, and a first wordline and
a second wordline. The memory further includes a first,
second, and third access transistor, wherein the first access
transistor connects a first node of the first memory cell to the
first bitline when a voltage 1s applied to the first wordline,
the second access transistor connects a first node of the
second memory cell to the second bitline when the voltage
1s applied to the first wordline, and the third access transistor
connects a first node of the third memory cell to the first
bitline when the voltage 1s applied to the second wordline.
The memory array further includes a first plate line con-
nected to a second node of the first memory cell and a second
node of the second memory cell. The first driver 1s config-
ured to apply a first programming voltage and a first erasing,
voltage to the first bitline during a programming operation
and an erasing operation, respectively. The second drniver 1s
configured to apply a second programming voltage and a
second erasing voltage to the first plate line during the
programming operation and the erasing operation, respec-
tively.

BRIEF DESCRIPTION OF THE DRAWINGS

So that the manner 1n which the above recited features of
the present mnvention can be understood in detail, a more
particular description of the invention, brietly summarized
above, may be had by reference to embodiments, some of
which are illustrated 1n the appended drawings. It 1s to be
noted, however, that the appended drawings 1llustrate only
typical embodiments of this mvention and are therefore not
to be considered limiting of its scope, for the invention may
admit to other equally eflective embodiments.

FIG. 1 1s a schematic view of a conductive-bridging
junction of a PMC cell, according to one embodiment of the
invention;
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FIG. 2 shows a diagram of the current depending on the
voltage drop over the PMC cell for a program, read and erase
state, according to one embodiment of the invention;

FIG. 3 depicts a part of a CBRAM memory, according to
one embodiment of the invention;

FIG. 4 shows a diagram for a writing, an erasing and a
reading operation, according to one embodiment of the
invention; and

FIG. § depicts a diagram for a signal sequence for a
writing operation, an erasing operation, and a reading opera-
tion of two PMC cells during one cycle, according to one
embodiment of the invention.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENT

(L]

One embodiment of the invention provides an electrical
circuit comprising a programmable metallization cell with a
solid electrolyte that can be programmed with relatively
lower voltages during a writing operation or an erasing
operation. Embodiments of the present invention also pro-
vide a method for operating a programmable metallization
cell of a conductive-bridging random access memory 1n
which the programming operation may be enhanced. One
embodiment of the present invention also provides a method
for operating the programmable metallization cell that uses
a relatively lower programming voltage.

One embodiment of the present invention provides a
method for operating a programmable metallization cell of
a conductive bridging random access memory (CBRAM).
The CBRAM memory comprises plate lines, bitlines and
memory cells. Each memory cell comprises a programmable
metallization cell (PMC) and a switch, whereby a memory
cell 1s arranged between a bitline and a plate line. Resistance
values of the memory cells are programmable by applying
different voltages to the PMC cells by changing the voltage
value on the bitline, whereby the voltage on the plate line 1s
changed with respect to the voltage of the bitline for
increasing a voltage drop over the PMC cell to assist the
programming ol the PMC cell.

Furthermore, one embodiment of the present invention
provides an electrical circuit, comprising bitlines, a plate
line, and memory cells with PMC cells. Each memory cell
comprises a programmable metallization cell with a solid
clectrolyte which 1s adapted to selectively increase or
decrease a conductive path depending on the applied elec-
trical field. A memory cell may be arranged between a bitline
and a plate line. Many PMC memory cells may be connected
with the same plate line. Furthermore, a writing unit may be
configured to change a state of a PMC cell to a programmed
state by applying a programming voltage on the bitline to the
memory cell and to change the state of the PMC cell to an
crased state by applying an erase voltage to the memory cell.
Furthermore, a voltage unit may be connected with the plate
line and configured to apply a first voltage to the plate line
to perform an erasing operation of the PMC cell that 1s
connected with the plate line. The voltage unit may also be
configured to apply a first voltage to a bitline according to
a writing process and to apply a second voltage to the plate
line according to an erasing operation of the PMC cell that
1s connected with the plate line. Thus, the plate line and
voltage unit may be used to increase the voltage drop over
the PMC cell to assist the writing and the erasing operation.

Furthermore, one embodiment of the present invention
provides a CBRAM memory circuit, comprising a plate line,
bitlines, wordlines and memory cells. The memory cells
may include programmable metallization cells (PMC cell)
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with a solid electrolyte which may be adapted to selectively
develop a conductive path (e.g., decrease the resistance of a
memory cell) or diminish the conductive path (e.g., increase
the resistance of the memory cell) depending on the applied
clectrical field and the state of a switch for accessing the
memory cell. The memory cell may be arranged between a
bitline and the plate line. A controlling input (e.g., gate) of
the switch may be connected to the wordline. Furthermore,
a wordline driver circuit may be configured to select one of
the wordlines and to change a voltage of the selected
wordline to close or open the switch. Furthermore, a writing,
unit may be configured to change a state of a respective
PMC cell to a programmed state by applying a programming
voltage and to change the state of the respective PMC cell
to an erased state by applying an erase voltage to the
respective PMC cell. Subsequently, a voltage unit connected
with the plate line and may apply a plate voltage to the plate
line according to a programming or an erasing operation of
the PMC cell to increase the voltage drop over the PMC cell
to assist the programming or the erasing operation.

One embodiment of the present invention provides a
method for operating a programmable metallization cell
which uses available voltage levels of a circuit or device
more eiliciently. The memory cells may be connected to a
plate line and the voltage on the plate line may be changed
during an erasing or a programming operation. The voltage
on the plate line may be changed to a different polarity
compared to the voltage on the bitline. Thus, 1n one embodi-
ment, two electrical potentials with a small difference may
be used for programming the PMC cell.

In one embodiment, changing the voltage on a plate line
may be used 1n any electrical circuit that comprises a PMC
cell with a solid electrolyte which 1s adapted to selectively
develop or diminish a conductive path depending on the
applied electrical field. For example, this idea may be used
in a CBRAM memory circuit providing a design that uses
two electric potentials of the CBRAM memory circuit which
are available on the CBRAM memory and have a small
difference for programming and erasing the PMC cell.

One embodiment of the present invention may be
described 1n terms of various functional components. Such
functional components may be realized by any number of
hardware or structural components configured to perform
the specified functions. For example, one embodiment of the
present mvention may employ various integrated compo-
nents comprised of various electrical devices, e.g., resistors,
transistors, capacitors, diodes and the like, the values of
which may be configured for various intended purposes.
Embodiments of the present invention may be practiced 1n
any integrated circuit application where an effective revers-
ible polarity 1s desired. While various components may be
coupled or connected to other components within exemplary
circuits, such connections and couplings can be realized by
direct connection between components and by connection
through other components and devices located in between.

Embodiments of the present invention generally relate to
a method for operating a programmable metallization cell of
a conductive bridging random access memory, a method for
operating an electrical circuit comprising a PMC cell with a
solid electrolyte, and a method for operating a CBRAM
memory cell comprising programmable metallization cells.

FIG. 1 depicts a conductive bridging junction of a PMC
cell 1 mcluding an anode 2, a cathode 4 and an electrolyte
layer 3. In one embodiment, the cathode 4 may be connected
to a ground potential. The anode 2 may be connected to a
high potential, for example, during a programming opera-
tion.
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The structure shown m FIG. 1 may be used to store
information and thus may be used in memory circuits. For
example, 1n one embodiment, the conductive bridging junc-
tion or other programmable structure may be used in
memory devices to replace DRAM, SRAM, PROM,
EEPROM, flash devices or any combination of such memo-
ries. In addition, 1n one embodiment, programmable struc-
tures described herein may be used for other applications
where programming or changing of electrical properties of
a portion of an electrical circuit are desired.

In one embodiment, the electrolyte layer 3 may be formed
by material which conducts 10ons upon application of a
sullicient voltage. Suitable materials for 1on conductors
include polymers, glasses and semiconductor maternals. In
one exemplary embodiment of the invention, the electrolyte
layer 3 may be formed by chalcogenides matenial. The
clectrolyte layer 3 may also include dissolved and/or dis-
persed conductive material. For example, the electrolyte
layer 3 may comprise a solid solution that includes dissolved
metals and/or metal 1ons. Chalcogenides materials including
silver, copper, combinations of these materials, and the like
may be used for the electrolyte layer 3.

In one embodiment, the anode 2 and the cathode 4 may be
formed by any suitable conductive material. For example,
the anode 2 and the cathode 4 may be formed by doped
polysilicon material or metal. In one embodiment of the
present invention, one of the electrodes, e.g., the anode 2
may be formed by a material including a metal which
dissolves 1n 10n conductors when a suflicient bias 1s applied
across the electrodes and the other electrode, e.g., the
cathode may be relatively 1ert and may not dissolve during
operating of the programmable device. The first electrode 2
may be an anode during a write operation and be comprised
of a matenal including silver which dissolves 1n the elec-
trolyte layer 3. The second electrode 4 may be a cathode
during the write operation and be comprised of an 1inert
material such as tungsten, nickel, molybdenum, platinum,
metal silicides, and the like.

In one embodiment, the conductive bridging junction may
be configured 1n such a way that when a bias larger than a
threshold voltage 1s applied across the electrodes 2, 4, the
clectrical properties of the electrolyte layer 3 changes. For
example, if a voltage 1s applied larger than the threshold
voltage, conductive 1ons within the electrolyte layer may
start to migrate to form a region having an increased
conductivity, for example, as compared to the conductor at
or near the more negative of the electrodes 2, 4. As the
conductive region forms, the resistance between the elec-
trodes 2, 4 may decrease and other electrical properties may
also change. If the same voltage 1s applied in reverse, the
conductive region may dissolve back into the electrolyte
layer and the device may return to a high resistance or erased
state.

In one embodiment, the erased state may correspond to a
first logic level stored 1n the PMC cell (e.g., a logic level
“07”). Stmilarly, the programmed state may correspond to a
second logic level stored 1n the PMC cell (e.g., a logic level
‘1°).

In the basic reaction, 1 a higher voltage 1s applied at the
anode 2, a redox reaction at the cathode 4 may drive metal
ions from the reactive anode into the electrolyte layer 3.
Therefore, 1n the electrolyte layer 3, metal-rich clusters may
be formed. The result may be a conductive bridge that occurs
between the anode and the cathode. If a reverse voltage 1s
applied to the PMC cell 1, the metal-rich clusters may be
dissolved and the conductive bridge may be degraded,
thereby increasing the resistance of the cell.
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FIG. 2 shows a diagram of the voltage and the current
occurring during a programming operation, a read operation
and an erase operation of a PMC cell 1, according to one
embodiment of the invention. At the start, the PMC cell 1
may not programmed and may therefore have a high resis-
tance. If a voltage 1s applied with a higher voltage at the
anode 2 and a lower voltage at the cathode 4, no current may
flow through the PMC cell 1 until a threshold voltage (V1,
or programming voltage) 1s applied. When the applied
voltage rises over the threshold voltage V1, current may
flow until a working current IW 1s achieved and may be
confined (e.g., limited) by the programming circuit. In one
embodiment, the voltage may then be reduced to 0 Volts,
whereby the current falls to 0 amps, thereby completing the
programming of the PMC cell 1.

If the cell state 1s to be sensed or read, a sensing voltage
(VS) may be applied to the PMC cell 1. The sensing voltage
VS may be lower than the threshold voltage V1. The sensing
voltage VS may be, for example, about 0.1 Volts. When the
cell 1 1s programmed as described above and the sensing
voltage VS 1s applied to the cell 1, a working current IW may
flow through the PMC cell 1. If the cell 1 1s not programmed,
no current may flow through the PMC cell 1 when the
sensing voltage VS 1s applied.

In one embodiment, to erase the program status, a lower
voltage, e.g., a negative voltage (also referred to as an
erasing voltage) may be applied to the anode 2. The negative
voltage may be about -0.1 Volts 1n one embodiment. When
the erasing voltage 1s applied to the cell 1, a negative current
may flow through the PMC cell 1. When the negative
voltage drops to below -0.1 Volts, the current may stop
flowing (1.e., decrease to 0 Amps). After the erasing voltage
has been applied to the PMC cell 1, the PMC cell 1 may have
the same high resistance as prior to the programming
operation, thereby erasing the value stored in the PMC cell
1.

FIG. 3 depicts parts of an electrical circuit 46 (e.g., a
memory device) comprising memory cells 5, 6, 47 with
PMC cells 1, 12, 42 that are connected to a common plate
line 11 according to one embodiment of the invention. The
plate line 11 may be a conductive line or area that may be
connected to a plurality of PMC cells 1, 12, 42. Furthermore,
the memory cells 5, 6, 47 may be connected to bitlines 8, 44
with a writing unit 15, 45 and by wordlines 9, 10 with a
controlling unit 41 (e.g., a wordline driver and/or wordline
decoder). The plate line 11 may be connected to a voltage
unit 29. Furthermore, a sensing unit 40 may be connected to
the first and further bitline 8, 44.

In one embodiment, two memory cells 5, 6 may include
a first and a second PMC cell 1, 12, the anodes of which are
connected to a first and second switch 13, 14. The first and
the second switch 13, 14 may be connected to the bitline 8.
Furthermore, controlling inputs of the first and the second
switch 13, 14 may be connected to a wordline 9 and to a
turther wordline 10, respectively.

In one embodiment, the writing unit 15 may include a first
input 16 to which an mverted programming signal (PRGn)
may be applied and a second input 17 to which an erasing
signal (ERS) may be applied. The first input 16 may be used
as a programming input and the second input 17 may be used
as an erasing iput. Furthermore, the writing unit 15 may
include a voltage source with different potentials 26, 28.
Depending on the signals on the first input 16 and the second
mput 17, a high or a low voltage 28, 26 1s applied to the
bitline 8. Furthermore, the writing unit 15 may comprise a
current source 21. The current source 21 may limit the
maximum current which flows from the writing unit 15 to
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the bitline 8 during a programming operation. The sensing
umt 40 may be connected to the bitline 8 and 1s configured
to detect a current on the bitline 8.

In one embodiment, voltage umit 29 may include 1n a first
embodiment a third input 31 to which an mverted erasing
signal (ERSn) may be applied and a fourth input 32 to which
the programming signal (PRG) may be applied. The third
input 31 may be used for controlling an erasing operation
and the fourth mput 32 may be used for controlling a
programming operation. Furthermore, the voltage unit 29
may include a voltage source 35, 36 with diflerent potentials.

In one embodiment, the voltage umt 29 may apply dif-
ferent voltages to the plate line 11 depending on the input
signals on the third mmput 31 and the fourth input 32. For
example, 11 a programming operation 1s performed, the
controlling unit 41 may select one of the wordlines 9, 10 and
may apply a lhigh voltage (e.g., VINT) to a selected word-
line, for example, wordline 9. When the high voltage is
applied to the wordline 9, the first switch 13 is closed,
thereby providing a conductive connection between the
anode 2 of the first PMC cell 1 and the bitline 8.

In one embodiment, the voltage unit 29 and the writing
unit 15 may be controlled, e.g., by a control circuit 30. The
control circuit 50 may be controlled by one or more control
inputs. The control circuit may contain any circuitry needed
to perform access operations on any number of PMC cells
(e.g., 1n the array 7 of PMC cells), including a wordline
decoder, a row decoder, a command decoder, and any other
circuitry used to perform access operations 1 a memory
device.

To program a memory cell (e.g., to write a logic 1), the
program signal PRG may be asserted and the inverted
program signal PRGn may be lowered. When PRGn 1s
lowered, the writing unit 15 may apply a first programming
voltage (e.g., a high voltage, such as VINT) which may be,
for example, about 3.4 Volts, on the bitline 8. Also, when
PRG 1s asserted, the voltage unit 29 may apply second
programming voltage (e.g., a low voltage, such as GND) to
the plate line 11. For example, the low voltage may be about
0 Volts and therefore lower than the high voltage that is
applied by the writing unit 15 on the bitline 8. When the low
voltage 1s applied by the voltage unit 29 and the high voltage
1s applied by the writing unit 15, a bias voltage over the
PMC cell 1 may result which has a voltage difference
between the low voltage of the voltage unit 29 on the plate
line 11 and the high voltage of the writing unit 15 on the
bitline 8.

During the programming operation, the resistance of the
first PMC cell 1 may be changed from a high resistance to
a low resistance as explained in accordance with FIG. 2.
After programming the first PMC cell 1, the controlling unit
41 may change the voltage on the wordline 9 to a low
voltage, thereby opening the first switch 13. Also, after
programming, PRG may be lowered at the fourth input 32
and PRGn may be raised at the first input 16. When PRGn
1s raised, the writing unit 15 may stop applying the high
voltage to the bitline 8 and when PRG 1s lowered, the
voltage umit 29 may stop applying the low voltage to the
plate line 11, thereby electrically 1solating (floating) the
bitline 8 and the plate line 11 with respect to the voltages
supplied by the writing unit 15 and voltage unit 29.

To change the state of the first PMC cell 1 (e.g., to store
a logic 0), an erasing operation may be performed, for
example, to change the resistance of the PMC cell 1 from
low resistance to high resistance. To erase the first PMC cell
1, the controlling unit 41 may select wordline 9 and may
apply a high voltage on the wordline 9. The high voltage on
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the wordline 9 may close the first switch 13, thereby
connecting the anode 2 of the first PMC cell 1 with the
bitline 8. Additionally, ERS may be asserted and ERSn may
be lowered.

In one embodiment, when ERS 1s asserted, the writing
unit 15 may apply a first erasing voltage (e.g., the low
voltage, GND) to the bitline 8. Also, when ERSn 15 lowered,
a second erasing voltage (e.g., the high voltage, VINT) may
be applied to the electrolyte layer 3, thereby applying a
negative, erasing voltage to the memory cell 1. As a result,
the conductive bridging in the PMC cell 1 may be dissolved
and the PMC cell 1 may have a high resistance, thereby
erasing the PMC cell 1.

In one embodiment, to end the erasing operation, ERS
may be lowered on the second mput 17 and ERSn may be
raised on the third input 31. When ERS 1s lowered, the write
unit 15 may stop applying the low voltage to the bitline 8 and
when ERSn 1s raised, the voltage unit 29 may stop applying
a high voltage to the plate line 11, thereby floating the bitline
8 and the plate line 11 with respect to the voltages supplied
by the writing unit 15 and voltage unit 29. The controlling,
unit 41 may also stop applying the high voltage on the first
wordline 9, thereby opening the first switch 13 and discon-
necting the first PMC cell 1 from the bitline 8.

In one embodiment, the voltage unit 29 may include a
fifth mput 37 for a read signal (READ). Furthermore, the
voltage unit 29 may include a read voltage source 38 which
supplies a read voltage (VRD). It the state of the first PMC
cell 1 1s to be sensed, the controlling unit 41 may apply a
voltage to the wordline to be read, for example, wordline 9,
closing the first switch 13 and connecting the PMC cell 1 to
the bitline 8.

During the read operation, READ may be asserted. When
READ is asserted, the voltage unit 29 may connect the plate
line 11 to the read voltage source 38. The read voltage source
38 may apply the read voltage VRD on the plate line 11.
Also, as described, the sensing unit 40 may be connected to
the bitline 8 applying VRD, thereby generating a read
voltage drop 1n the electrolyte layer 3.

In one embodiment, the read voltage drop may about 0.1
Volts. It the first PMC cell 1 1s 1n a high resistance state (e.g.,
when a logic 0 1s stored in the PMC cell 1), the sensing unit
40 may detect no current over the PMC cell 1 when VRD 1s
applied to the cell 1. IT the first PMC cell 1 1s 1n a low
resistive state (e.g., when a logic 1 1s stored in the PMC cell
1), the sensing unit 40 may detect a working current IW over
the first PMC cell 1 when VRD 1s applied to the cell 1.
Theretfore, the sensing unit 40 may check whether the first
PMC cell 1 1s 1n a low or 1n a high resistive state. Thus, the
first PMC cell 1 can be used to store a data, e.g., the logic
level “0” for a low resistive state and the logic level “17; for
a high resistive state, and the data may be read by the sensing
unit 40.

In one embodiment, the writing unit 15 may include a
high potential contact 26 and a low potential contact 28. The
low potential contact 28 may be connected to ground
potential (GND) and the high potential contact 26 may be
connected to an internal high potential (VINT) of the
clectrical circuit 47.

In one embodiment, the high potential contact 26 may be
connected to a current mirror 20 with the current source 21
which induces the current of the current source 21 on a
second branch that connects the high potential contact 26
with the third switch 18. A controlling contact of the third
switch 18 may be connected with the first mput 16. An
output of the third switch 18 may be connected to a
connecting point 27 on bitline 8.
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The low potential contact 28 may be connected to an input
of a fourth switch 19, the output of which may be connected
to the connecting point 27 on bitline 8. A controlling contact
of the fourth switch 19 may be connected to the second 1nput
17. The connecting point 27 may be connected with the
bitline 8.

In one embodiment, the fourth switch 19 may be an
n-channel field eflect transistor (INFET) and the third switch
18 may be a p-channel field effect transistor 18 (PFET). It
a low voltage 1s applied to the controlling contact of the third
switch 18, the third switch 18 may be switched into a
conducting state. Thus, 11 a high voltage 1s applied to the
second input 17, the fourth switch 19 1s closed, connecting,
the connecting point 27 to the low potential contact 28.

In one embodiment, the current mirror 20 may include a
first transistor 22 1n series with the current source 21 which
may be connected to the ground potential. An mput of the
first transistor 22 may be connected to the high potential
contact 27. Furthermore, a second transistor 23 may be
arranged 1n between the high potential contact 26 and the
third switch 18. In one embodiment, the first and the second
transistor 22, 23 may be PFETs. The gates of the first and the
second transistor 22, 23 may be connected by a connecting
line 24. The connecting line 24 may be connected by a
second connecting line 25 with an input of the current source
21 that may also be connected to the first transistor 22. The
current source 21 may limit the maximum current flowing
through the closed third switch 18 during a program opera-
tion (e.g., to the current provided by the current source,
l.5~). In one embodiment, using the current source to limait
the maximum current flowing through the closed third
switch may avoid damage to the PMC cells 1, 12, 42.

In one embodiment, the voltage unit 29 may include a
high potential contact 35 that may be connected with the
high voltage source VINT and a low potential contact 36
which may be connected with a low voltage source, e.g.,
with ground potential GND. A third transistor 33 and a
fourth transistor 34 may be arranged 1n series between the
second high potential contact 25 and the second low poten-
tial contact 36. A second connecting point 30 may be
arranged between the third and the fourth transistor 33, 34,
and may be connected to the plate line 11. The third
transistor 33 may be a PFET and the fourth transistor 34 may
be an NFET. A gate contact of the third transistor 33 may be
connected to the third input 31. A gate contact of the fourth
transistor 34 may be connected to the fourth mput 32.
Furthermore, a fifth transistor 39 (e.g., an NFET) may be
placed between the read voltage source 38 and the plate line
11. A gate contact of the fifth transistor 39 may be connected
to the fifth input 37.

In one embodiment, the program operation, the reading
operation and the erasing operation explained above with
respect to the first PMC cell 1 may also be performed with
the second PMC cell 12. For example, instead of activating
wordline 9, wordline 10 may be activated by the controlling
umt 41 applying a high voltage to the wordline 10 and
closing the second switch 14. The operations described
above may then be performed as desired.

In one embodiment, the first line 8 1s a first bitline and the
second line 9 1s a first wordline and the third line 10 1s a
second wordline. However, 1n one embodiment, the first,
second, and third lines 8, 9, 10 may not be used as wordlines
or bitlines, but as regular control lines.

Furthermore, in one embodiment, a memory may contain
a large array 7 with a plurality of PMC cells wherein the
PMC cells of the array may be connected by the cathodes to
a common plate line 11. In the case of a CBRAM, a plurality
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of bitlines and a plurality of wordlines may be arranged 1n
a crossed net structure, wherein a memory cell (e.g.,
memory cells 5, 6) 1s located at the each crossing point of
cach bitline and wordline. In some cases, a writing unit may
be provided for each bitline. Optionally, a common writing
unit may be used which may be connected to one or more
bitlines. In some cases, the common writing unit may be
connected to selected bitlines, e.g., by a multiplexer unit.

FIG. 4 1s a timing diagram depicting signals used to
program a memory cell (memory cell 1) according to one
embodiment of the invention. FIG. 4 depicts a plate voltage
VPL of the plate line 11, a word voltage WL of a wordline,
the inverted program signal PRGn on first input 16, the erase
signal ERS on the second mput 17, a read signal READ on
the fifth input 37, and a voltage drop VCELL across PMC
cell 1 with respect to time.

As depicted, a first programming cycle may be used to
write e.g., the logic level *“1” 1into a non-programmed first
PMC cell 1. The first programming cycle may start shortly
betore a first point of time t, by raising the word voltage WL
on wordline 9, thereby closing the first switch 13 and
connecting the first PMC cell 1 to bitline 8.

At time t,, the plate voltage VPL of the plate line 11 may
change from a medium voltage to a low value, for example,
by asserting PRG. When PRG 1s asserted, a high voltage
may be applied to the fourth mput 32, closing the fourth
transistor 34. Thus, the fourth transistor 34 may connect the
plate line 11 which has a medium level of voltage with the
ground potential, thereby lowering the voltage applied by
the plate line 11. In one embodiment, the medium voltage of
the voltage of the plate line 11 may be half of an internal
voltage of the electrical circuit (e.g., half of VINT). In some
cases, the medium voltage may also be referred to as the
precharge or equalize voltage. The low voltage of the plate
line 11 may be reached shortly after a second point of time
t,. Then, at time t;, PRGn may be lowered, thereby closing,
the third switch 18 applying a high voltage to the bitline 8.

Thus, after time t; and until t,, a low voltage may be
applied to the cathode of the first PMC cell 1, and a high
voltage may be applied to the anode 2 of the first PMC cell
1. Thus, a voltage VPRG may be applied to the first PMC
cell 1 between t, and t,. In one embodiment, VPRG may be
equal to or greater than the threshold voltage V1. For
example, VPRG may have approximately the value of the
internal voltage VINT of the high potential contact 26. As
explained above, a voltage drop VPRG over the threshold
may change the resistance 1n the electrolyte layer 3 to a low
value, thereby storing a logic level “0” 1n the PMC cell 1.

At time t,, after a predetermined time suflicient for
programming, the program signal PRG on the first input 16
may be raised from the low voltage to the high voltage,
thereby opening the third switch 18. The plate voltage on the
plate line 11 may subsequently be raised to a medium level
at time t.. As a result, the voltage applied to PMC cell 1 may
be lowered, e.g., to 0 volts. Finally, the wordline voltage WL
on the wordline 9 may be lowered, for example, to 0 Volts,
at time t.. Thus, after time t4, the programming operation of
the PMC cell 1 may be complete.

In a second cycle, the programming of the PMC cell 1
may be erased, that 1s, logic level “0” may be stored in the
PMC cell 1. The second cycle may begin at time t, (or
shortly before t,) when the wordline voltage WL on word-
line 9 1s raised to a hugh voltage, e.g., VINT. Then, at time
te, the potential of the plate line 11 may be raised from the
medium voltage to a high voltage. After reaching the high
voltage on the plate line 11, the erase signal ERS may be
applied to the second mput 17 at time t,. ERS may increase

10

15

20

25

30

35

40

45

50

55

60

65

12

the voltage on the gate contact of the fourth switch 19,
thereby placing switch 19 in a conducting state and con-
necting the low potential contact 28 to the bitline 8. When
the low potential contact 28 1s connected to the bitline 8, the
voltage VCELL across the PMC cell 1 may drop to an erase
voltage (VERS) starting at or shortly before the ninth point
of time t, and achieving a negative maximum voltage shortly
alter the ninth point of time t;. The negative voltage drop
VERS across the electrolyte layer 3 may dissolve the
conductive bridging connection between the anode 2 and the
cathode 4, changing the resistance of the PMC cell 1 and
storing a loglc level 0 1n the cell 1, as explained above.

At time t,,, after a given time suilicient for erasing, the
erase signal ERS on the second input 17 may be lowered to
0 Volts, causing voltage VCELL across the PMC cell 1 to
drop to a low voltage, e.g., 0 volts. Furthermore, the poten-
tial of the plate line 11 may be reduced after time t,, (e.g.,
beginning at time t,,) from the high voltage (e.g., VINT) to
the medium voltage. Finally, at time t,,, the word voltage
WL of the wordline 9 may be lowered to a low voltage. In
one embodiment, the time during which the voltage drop
VERS 1s applied to the electrolyte layer 3 of the PMC cell
1 may last as long as necessary to dissolve the conductive
connection between the two electrodes of the PMC cell 1.

After the second cycle, the PMC cell 1 may have the same
high resistance as prior to the first cycle 1. As depicted,
during the first cycle and during the second cycle, the
potential of the plate line 11 may be changed 1n a contrary
direction compared to the potential of the bitline 8. Thus,
available potential sources, e.g., a ground voltage and a high
voltage of a device, may be used for achieving a high voltage
drop during an erasing and a programming operation of the
PMC cell and may additionally provide a medium voltage
on the plate line 11 during other periods of time. Optionally,
in one embodiment of the invention, the plate line may be
clectrically 1solated (floated) during other periods instead of
applying the medium voltage.

In a third cycle, the state of the PMC cell 1 may be sensed
(1.e., read). In one embodiment, the sensing operation may
start by asserting the voltage WL on the wordline 9 at or
shortly before time t,5;. Then, at time t,,, the read signal
READ may be applied to the fifth input 37 connecting the
read voltage source 38 to the plate line 11. The voltage of the
read voltage source 38 may be lower than the threshold
voltage V1 necessary to program the PMC cell 1. Thus, the
sensing unit 40 may detect a voltage drop VREAD applied
by the third voltage source 38 (VRD) and a current depend-
ing on the program state of the PMC cell. In the depicted
timing diagram, the PMC cell 1 has been erased before the
reading operation. Therefore unit 40 may sense no current
during the read operation.

In one embodiment, at time t, ., after suthicient time for
sensing the current through the PMC cell 1, the read signal
READ may be lowered to 0 Volts and at time t,  the potential
on the wordline 9 may also be lowered to 0 Volts. When the
READ signal 1s lowered, the voltage VCELL may fall from
VREAD to a low voltage, e.g., 0 volts.

FIG. 5 1s a timing dlagram depicting an alternative
method for writing, erasing, and reading data for diflerent
PMC cells (e.g., PMC cells 1, 42) according to one embodi-
ment of the invention. FIG. 5 depicts the plate potential VPL
of plate line 11, the word potential WL of wordline 9, the
read signal READ applied to the fifth imnput 37 of the voltage
unit 29, a first inverted program signal PRG1#» that may be
applied to a first input 16 of the writing unit 15, a {irst erase
signal ERS1 which may be applied to a second mput 17 of

the writing unit 15, a voltage drop VCELL1 across the first
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PMC cell 1, a second mnverted program signal PRG2# of a
second writing unit 15, which may be applied to a corre-
sponding input of writing unit 45, a second erase signal
ERS2 which may be applied to a corresponding second 1nput
of the second writing unit 45 and a second voltage drop
VCELL?2 across the third PMC cell 42.

In one embodiment, as depicted 1n FIG. 3, two PMC cells
1, 42 may be connected with respective switches 13, 43
comprising one common wordline 9. The bitlines 8, 44 of
the first and third PMC cells 1, 42 may be connected to a
common writing unit or respective writing units 15, 45. In
the shown embodiment, the third PMC cell 42 may be
connected by a fifth switch 43 to the further bitline 44 which
may be connected with a further writing unit 45. In one
embodiment, the structure of the writing unit 45 may be
identical to the writing unit 15.

Beginning at time t,, the word voltage WL of the common
wordline 9 may be raised from a low voltage to a high
voltage. Then, at or shortly before time t,, the plate potential
VPL of the plate line 11 may be raised from the medium
voltage to the high voltage. The high voltage may be
maintained until a fourth point of time t, 1s reached. At or
shortly betore the fourth point of time t,, the plate potential
VPL of the plate line 11 may be changed from the high
voltage to a low voltage which 1s, e.g., the mass potential
and 1s lower than the medium voltage. The low voltage may
be kept on the plate line 11 until time t,. At or shortly before
time t,, the potential of the plate line 11 may be raised to the
medium voltage.

During the writing operation (1.e., from time t, to time t,),
the word voltage WL of the wordline 9 may be maintained
at the high voltage until at or shortly before time t, and may
then be lowered to the low voltage. The high voltage on the
wordline 9 may close switches 13, 43 which connect the first
PMC cell 1 and the third PMC cell 42 to respective first and
third lines 9, 44 representing bitlines.

At or shortly before the third point of time t,, the mnverted
program signal PRG1# on the first input 16 may be lowered
from the high voltage to the low voltage. At the same time,
the erase signal ERS2 of the further writing unit 45 may be
raised from the low voltage to the high voltage. The high
voltage on the erasing input of the further writing unit may
connect the third line 44 of the further first PMC cell 42 to
the low voltage. Thus, the plate line 11 may be connected to
a cathode of the third PMC cell 42 and apply the high
voltage to the cathode of the third PMC cell 42. When the
high voltage 1s applied to the cathode of the third PMC cell
42, the voltage drop VCELL2 on the third PMC cell 42 may
be VERS. Thus, the erasing voltage VERS may be applied
to the third PMC cell 45 between time t; and time t,.

Thus, the resistive state of the third PMC cell 45 may be
erased between the time t; and time t,, thereby storing a
logic level “0” 1n the third PMC cell. At time t,, the potential
of the plate line 11 may fall to a low voltage (e.g., VGND),
thereby causing the voltage drop VCELL2 across the third
PMC cell 45 to fall to O Volts at or shortly after time t,.

With respect to the voltage across the first PMC cell 1
between time t; and t,, because PRG1#% 1s lowered between
time t; and t,, the high voltage may be applied to the bitline
8 for the first PMC cell 1. Because VPL 1s also the high
voltage between time t, and t,, the voltage difference
VCELLI1 may be low such that the state of PMC cell 1 1s not
aflected between time t, and t,.

Also, at or shortly before time t,, when VPL 1s lowered to
the low voltage, the voltage drop VCELLI1 across the first
PMC cell 1 may increase (e.g., from O Volts) up to a high
voltage (e.g., VINT). The high voltage may be maintained
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until shortly before the time t; and may drop (e.g., to 0 volts)
at time t.. Thus, between the time t, and time t., the resistive
state of the first PMC cell 1 may be changed to a low
resistance, thereby storing a logic level ‘1’ 1n the first PMC
cell.

With respect to the voltage across the third PMC cell 42
between time t, and t., because ERS2 1s asserted between
time t, and t., the low voltage may be applied to the bitline
44 for the third PMC cell 42. Because VPL 1s also the low
voltage between time t, and t., the voltage difference
VCELL2 may be low such that the state of the third PMC
cell 42 1s not aflected between time t, and t..

Thus, as depicted, the memory cells may be programmed
with different data at the during the same write cycle. As
depicted 1n cycle 1, the first PMC cell 1 may be programmed
with a low resistance corresponding to logic level “1” and
the third PMC cell 42 may be programmed with a high
resistance corresponding to logic level “07.

During a second cycle 2 of FIG. 5, a low resistance may
be programmed 1n the first PMC cell 1 and a low resistance
may be programmed in the third PMC cell 42. As depicted,
the word potential WL of the wordline 9 may be raised
during the second cycle from a basic level to a high voltage
at time t, and subsequently returned to the basic level at time

..

During the second cycle, the plate potential VPL of the
plate line 11 may be raised from the medium level up to a
high voltage during a first time period from t, to t, ,, and then
lowered to a ground level during a second time period from
t,, to t,5, and then raised to the medium level at time t,,,
similar to the first cycle.

During the second cycle, the first program signal PRG1#
may be lowered from the high voltage to the low voltage
from time t,, to t,,. Thus PRG1» may be lowered during the
first time period 1n which the plate potential VPL 1s at the
high voltage and during the second time period in which the
plate line 1s on a low voltage. During the first time period
from time t,, to t;,, the plate potential VPL 1s the high
voltage and the voltage on the bitline 8 1s the high voltage.
Thus, no programming of the first PMC cell 1 may occur.

During the second time period, from t,; to t;,, a low
voltage 1s applied to the plate line 11 and a high voltage 1s
applied to the bitline 8 (because PRGnl 1s a low voltage),
resulting 1n a high voltage drop VPRG across the first PMC
cell 1. Thus, during the second write cycle, the first PMC cell
1 may be programmed to low resistance (e.g., a logic level
‘1°).

In contrast to the first cycle, the second program signal
PRG2# 1s lowered from a high voltage during the second
cycle at the same time t,, as the first program signal PRG1#
and then raised to a high voltage again at time t,,. The
lowering of the second program signal PRG2#z may connect
bitline 44 with the high voltage. Thus, from time t,; to time
t,,, VCELL2 1s increased to VPRG, thereby programming
the third PMC cell 42 with a low resistance (e.g., a logic
level “17).

Thus, a cycle with a rising and a falling voltage (asserted
and lowered voltage) on the plate line 11 and different
potentials on different bitlines 8, 44 during a cycle may be
used to either program the PMC cells 1, 42 (connected to a
common wordline 9 and a common plate line 11), with
different resistance values and thus with different data dur-
ing one cycle (e.g., as in cycle 1), or with the same resistance
values and thus with the same data during one cycle (e.g.,
during cycle 2).

In the third cycle depicted 1n FIG. 5, a reading operation
1s shown according to one embodiment of the invention. As
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depicted 1n FIG. 3, the two PMC cells 1, 42 are connected
to the same plate line 11 and wordline 9. Also, the two PMC
cells 1, 42 are connected with two different bitlines 8, 44 and
the two diferent bits lines are each connected to the sensing
unit 40.

In one embodiment, during the reading operation, the
plate voltage VPL on the plate line may be kept constant
(e.g., at the medium voltage). The voltage on the wordline
9 may be raised from time t,. to time t,; to close the
respective switches 13, 43 of the two memory cells 5, 47 and
thereby connect the respective PMC cells 1, 42 to respective
bitlines 8, 44. Furthermore, the read signal READ may
asserted from time t, . to time t,-.

When the READ signal 1s asserted, the fifth transistor 39
may be closed, thereby connecting the plate line 11 to the
read voltage source 38 and applying a read voltage VRD to
the cathodes of the PMC cells 1, 42 which are connected to
the plate line 11. In one embodiment, the bitlines 8, 44 of the
two memory cells may be held at a potential which results
in a voltage drop on the two PMC cells 1, 42, the voltage
drop being 1n a range lower than the threshold voltage. Thus,
as shown in FIG. 5, the voltage drop VCELL1 and the
voltage drop VCELL2 may be lower than the threshold
voltage and/or the programming voltage VPRG.

In one embodiment, sensing signals may be measured by
the sensing unit 40 (not shown) and may indicated the state
(e.g., high resistance and logic level “0” or low resistance
and logic level “17) of each of the PMC cells 1, 42. For
example, previously (during the second cycle), the two PMC
cells 1, 42 were programmed to a low resistance level. Thus,
on the two bitlines 8, 44 of the two memory cells 5, 47, the
sensing unit 40 may detect a current corresponding to the
low resistive state of the PMC cells.

While the foregoing 1s directed to embodiments of the
present invention, other and further embodiments of the
invention may be devised without departing from the basic
scope thereof, and the scope thereof 1s determined by the
claims that follow.

What 1s claimed 1s:

1. A memory device comprising:

a programmable metallization memory cell;

a plate line connected to a first node of the memory cell;

a bitline connected to a second node of the memory cell;
and

circuitry configured to:
perform a write operation by applying a first voltage to

the plate line and a second voltage to the bitline;

perform an erase operation by applying the second
voltage to the plate line and the first voltage to the
bitline;

apply a voltage between the first voltage and the second
voltage to the plate line when the write operation and
the erase operation are not being performed; and

limit a current applied to the memory cell during a
program operation of the memory cell.

2. The memory device of claim 1, wherein the plate line
and the bitline are electrically 1solated from the first voltage
and the second voltage when the write operation and the
erase operation are not being performed.

3. The memory device of claim 1, further comprising;:

an access transistor located between the second node of
the memory cell and the bitline;

a wordline controlling the access transistor;

a wordline driver configured to selectively connect the
bitline to the second node of the memory cell during a
write operation or an erase operation of the memory
cell;
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a first transistor configured to selectively apply the first
voltage to the plate line;

a second transistor configured to selectively apply the
second voltage to the plate line; and

a third transistor configured to selectively apply the
voltage between the first voltage and the second voltage
to the plate line.

4. The memory device of claim 1, wherein the circuitry 1s
turther configured to:

perform a read operation by applying a read voltage to the
plate line and sensing a current indicative of a state of
the memory cell.

5. The memory device of claim 1, further comprising:

an access transistor located between the second node of
the memory cell and the bitline;

a first transistor configured to selectively apply the first
voltage to the plate line; and

a second transistor configured to selectively apply the
second voltage to the plate line.

6. A method for programming and erasing a memory cell,
the method comprising:

programming the memory cell, wherein programming the
memory cell comprises:

applying a first voltage to a first driver, wherein the first
driver applies a first programming voltage to a first
node of the memory cell when the first voltage 1s
applied and limits a current applied to the memory
cell; and

applying a second voltage to a second driver, wherein
the second driver applies a second programming
voltage to a second node of the memory cell when
the second voltage 1s applied; and

erasing the memory cell, wherein erasing the memory cell
COMPrises
applying the second voltage to the first driver, wherein
the first driver applies the second programming
voltage to the first node of the memory cell when the
second voltage 1s applied; and

applying the first voltage to the second drniver, wherein
the second driver applies the first programming
voltage to the second node of the memory cell when
the first voltage 1s applied.

7. The method of claim 6, further comprising:

selecting the memory cell, wherein selecting the memory
cell comprises asserting a voltage on a wordline,
thereby connecting the second node of the memory cell
to the second driver.

8. The method of claim 6, wherein applying the first and
second programming voltage to the first and second node,
respectively, of the memory cell decreases a resistance of the
memory cell, and wherein applying the first and second
programming voltage to the second and first node, respec-
tively, of the memory cell increases the resistance of the
memory cell.

9. The method of claim 6, further comprising:

reading a state of the memory cell, wherein reading the
state of the memory cell comprises:

applying a voltage to a read control input of the second
driver, wherein the second driver applies a read
voltage to the second node of the memory cell when

the voltage 1s applied; and

sensing a current through the memory cell resulting
from the read voltage, wherein the current 1s 1ndica-
tive of a resistance of the memory cell.
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10. A memory device comprising:

a memory cell;

a first driver for applying a first erasing and a first
programming voltage to a first node of the memory
cell;

a second driver for applying a second erasing and a
second programming voltage to a second node of the
memory cell;

circuitry configured to:

perform a programming operation of the memory cell,
wherein the circuitry causes the first driver to apply
the first programming voltage and the second driver
to apply the second programming voltage; and

perform an erasing operation of the memory cell,
wherein the circuitry causes the first driver to apply
the first erasing voltage and the second driver to
apply the second erasing voltage,
wherein the first driver contains a current limiting circuit
designed to limit a current applied to the memory cell
during a program operation of the memory cell.
11. The memory device of claim 10, wherein the first
erasing voltage 1s equal to the second programming voltage
and wherein the first programming voltage 1s equal to the
second erasing voltage.
12. The memory device of claim 10, wherein the first
driver and the second driver electrically 1solate the program-
ming and erasing voltages from the wordline and bitline
when the memory cell 1s not being accessed.
13. The memory device of claim 10, wherein the first
driver has a first erase and a first program mput and wherein
the second driver has a second erase and a second program
input, wherein the erase iputs are used to apply the erase
voltages to the memory cell and wherein the program inputs
are used to apply the program voltages to the memory cell.
14. The memory device of claim 10, wherein the second
driver contains a circuit for applying a read voltage to the
memory cell during a read operation of the memory cell.
15. A memory device comprising:
a means for storing;
a {irst means for driving configured to apply a first erasing
and a first programming voltage to a first node of the
means for storing;
a second means for driving configured to apply a second
crasing and a second programming voltage to a second
node of the means for storing;
means for controlling configured to:
perform a programming operation of the means for
storing, wherein the means for controlling causes the
first means for driving to apply the first programming;
voltage and the second driver to apply the second
programming voltage; and

perform an erasing operation of the means for storing,
wherein the means for controlling causes the first
means for driving to apply the first erasing voltage
and the second means for driving to apply the second
erasing voltage,

wherein the first means for driving contains a means for
limiting current designed to limit a current applied to
the means for storing during a program operation of the
means for storing.

16. The memory device of claim 15, wherein the first
erasing voltage 1s equal to the second programming voltage
and wherein the first programming voltage 1s equal to the
second erasing voltage.

17. The memory device of claim 15, wherein the first
means for driving and the second means for driving elec-
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trically 1solate the programming and erasing voltages from
the wordline and bitline when the means for storing 1s not
being accessed.

18. The memory device of claim 15, wherein the first
means for driving has a first erase and a first program input
and wherein the second means for driving has a second erase
and a second program input, wherein the erase mputs are
used to apply the erase voltages to the means for storing and
wherein the program inputs are used to apply the program
voltages to the means for storing.

19. The memory device of claim 15, wherein the second
means for driving contains a means for applying a read
voltage to the means for storing during a read operation of
the means for storing.

20. A memory device comprising;:

a memory cell;

a bitline connected to a first node of the memory cell;

a plate line connected to a second node of the memory

cell;

a first driver comprising a first programming mput and a
first erasing iput, wherein the first driver 1s configured
to:
in response to a first voltage being applied to the first
programming 1nput, apply a first programming volt-
age to the bitline; and

in response to a second voltage being applied to the first
erasing input, apply a first erasing voltage to the
bitline; and
a second driver comprising a second programming input
and a second erasing input, wherein the second driver
1s configured to:
in response to the second voltage being applied to the
second programming 1nput, apply a second program-
ming voltage to the plate line; and

in response to the first voltage being applied to the to
the second erasing input, apply a second erasing
voltage to the plate line,

wherein the first driver comprises a current limiting
circuit designed to limit a current applied to the
memory cell during a program operation of the memory
cell.

21. The memory device of claim 20, further comprising

control circuitry configured to:

program the memory cell by applying the first voltage to
the first programming mnput and applying the second
voltage to the second programming input; and

crase the memory cell by applying the second voltage to
the first erasing 1mput and applying the first voltage to
the second erasing nput.

22. The memory device of claim 20, further comprising a
wordline, wherein the wordline connects the bitline to the
first node of the memory cell when a voltage 1s applied to the
wordline.

23. The memory device of claim 20, wherein the first
driver and the second driver electrically 1solate the program-
ming and erasing voltages from the wordline and bitline
when the memory cell 1s not being accessed.

24. The memory device of claim 20, wherein an interme-
diate voltage 1s applied to the plate line, wherein the
intermediate voltage 1s between the first programming volt-
age and the second programming voltage.

25. The memory device of claim 20:
wherein the second driver further comprises:

a read control mput, wherein the second dniver is

turther configured to:
in response to a voltage applied to the read control
input, apply a read voltage to the plate line; and
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wherein the memory device further comprises sensing
circuitry for sensing a current through the memory cell

when the read voltage 1s applied to the plate line,
wherein the current 1s i1ndicative of a state of the
memory device.

26. A memory device comprising:

a memory array comprising;

a first, second, and third memory cell, wherein each
memory cell 1s a programmable metallization
memory cell;

a first bitline and a second bitline:

a first wordline and a second wordline;

a first, second, and third access transistor, wherein:
the first access transistor connects a first node of the

first memory cell to the first bitline when a voltage
1s applied to the first wordline,
the second access transistor connects a first node of
the second memory cell to the second bitline when
the voltage 1s applied to the first wordline, and
the third access transistor connects a first node of the
third memory cell to the first bitline when the
voltage 1s applied to the second wordline; and

a first plate line connected to a second node of the first
memory cell and a second node of the second
memory cell;

a first driver configured to apply a first programming,
voltage and a first erasing voltage to the first bitline
during a programming operation and an erasing opera-
tion, respectively; and

a second driver configured to apply a second program-
ming voltage and a second erasing voltage to the first
plate line during the programming operation and the
erasing operation, respectively,
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wherein the first driver comprises a current limiting
circuit designed to limit a current applied to the
memory cell during a program operation of the memory
cell.

277. The memory device of claim 26, further comprising:

a second plate line connected to a second node of the third
memory cell; and

a third driver configured to apply the second program-
ming voltage and the second erasing voltage to the first
plate line during the programming operation and the
crasing operation, respectively.

28. The memory device of claim 26, wherein the first

erasing voltage 1s equal to the second programming voltage
and wherein the first programming voltage 1s equal to the
second erasing voltage.

29. An itegrated circuit comprising;

a plate line;

a bitline;

a programmable metallization memory cell coupled
between the plate line and the bitline; and

a circuit configured to:
perform a write operation by applying a first voltage to

the plate line and a second voltage to the bitline;

perform an erase operation by applying the second
voltage to the plate line and the first voltage to the
bitline;

apply a voltage between the first voltage and the second
voltage to the plate line when the write operation and
the erase operation are not being performed; and

limit a current applied to the memory cell during a
program operation of the memory cell.
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